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FOREWORD

A complex two-stage sample selection process was used in designing the National
* Longitudinal Study (NLS) of the High School Class of 1972. The first-stage sampling frame

used in the selection of schools was stratified by the following seven variables:

*Type of control (public or private)
*Geographic region (Northeast, North Central, South, and West)
*Grade-12 enrollment (less than 300, 300 to 599, and 600 or more)

* Proximity to institutions. of higher learning (3 categories)
* Percent minority group enrollment (8 categories, public schools only)
* Inco~me level -of the community (11 categories, public schools; 8 categories,

Catholic schools)
*Degree of urbanization (10 categories)

* Both priority considerations and judgment were used in consolidating the various
*classes to -produce the 600 final strata from which a 'sample of 1,200 schools was chosen.

The second stage of, the sample-selection involved choosing a simple random sample of 18
seniors per high school. This report considers the effects of stratification, oversampling of.
schools by percent minority group enrollment and income level of the community, cluster-

*Ing of students within a school, and unequal weighting on the variances of the resulting
:statistics and hence the precision of the sample statistics.

The results suggest that the school stratification variables reduced the variances of
national estimates by 20 percent below what would have been expected with unstratified
cluster sampling. Variances of subpopulation were reduced by lesser amounts, from 6 to 20
percent, depending 'upon the subpopulation.- Clustering the sample of students increased
variances of national -estimates by an estimated 83.5 percent over simple random sampling
with smaller increases for various subgroups. In ge neral, the increase in variance due to
cluster sampling is 'only partly offset by the reduction due to stratification.

Of the five major stratification variables, SES. .(socioeconomic status), size of school,.
type of control, geographic region; and proximity to college or university, region is perhaps:

* the strongest; type of control is the weakest; and the other three lie somewhere between.
The final-section of the report describes a limited and approximate analysis to secure

rough *indications of the effects of unequal weightings due to oversampling, nonresponse
adjustments, unequal stratum sizes, and imprecise' school size measures.

This study, was conducted by R.P. Moore and B.V. Shah, of Research Triangle -In-
stitute, under contract With the U.S.. Department of Health, Education, and Welfare for the*
National' Center for Education Statistics.

Elmer F. Collins, Chief
*Francis V. Corrigan, AcigDrco**Statistical Analyi Branch
Division of Multilevel Education Statistics
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I. INTRODUCTION

The efficiency of the 1972 National Long-
itudinal Study (NLS) sample design for a
base-year survey was analyzed previously
using variance ;component estimates and
estimated efficiencies [1]. In this report,
average design effects for statistics esti-
mated from the base.-year data are pre-
sented. Attempts to partition the design
effect into effects due to stratification, clus-
tering, and unequal weighting are dis-
cussed. The e xpected increase in subpopu-

NOTE.-References indicated in brackets are listed on page 22.

lation sample sizes due to oversampling is
calculated and compared with the actual in-
creases observed in the base-yea r survey.
The effects on variances of oversampling
and other factors which lead' to unequal
weighting are approximated and the op-
timumn oversampling rates for several sub-
populations are estimated. Several of the
stratification variables are ranked from
most effective to least effective in reducing
the variances of survey estimates.
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I IL. PARTITIONING THE DESIGN- EFFECT

A. Estimated Design Effects
The design effect [2] or "Deff", defined

as the ratio of the actual variance of a sur-
vey estimate to the variance for a simple
random sample of the same size, is useful
in evaluating a, sample design. The. Deff
measures the combined effects of cluster-
ing, stratification, and unequal -weighting
on the variances of survey estimates.I

Variance component estimates computed.
for 357 statistics in the study of NLS design
efficiency were used to. calculate estimated
design effects. For each statistic, the com-
Ponents estimated were:

2go variation among final strata,

12 variation among schools within
final straita, arid

022 variation among students within
2 schools.

The variance component estimates were
used to Model the variance of each statistic
with the NILS design,

21
1 -

a 2

2
nj n2

(1) 

where.

nj. = the number of sam~ple schools, and

n2= the number of sample students'per
school., 

The approximate variance of each statistic,
for a simple random sample of njn2

students was calculated as , I

32
2 &2 2

0 +*1 2
nj n2

.(2)

Then .the design effect, D, for each. statistic
was estimated as

D 1
D = 2

3
(3)'

using nj 1,043 and n2 =17, the ap-
proximate numbers of responding sample
schools and 'students per school'in the NILS
base-year survey.

Table 1 shows the-average values of the
design~ effects and root design. effects cal-
culated, by type of statistic. We'note that
the estimated design effects tend to be
largest for national means and t end to vary
with the average cluster size (number of
re spondents per school) for subgroup
means. The design effects for subgroup, or.
domain, means tend to be larger than those
for the differences between subgroup and;
national means.



Table 1.-Average number of respondents and average estimated design effects

Number of Number Designl Square root
Type of statistic respondents of effect of

per school statistics D design effect
vrD

National means 15.363 21 1.463 1.203

Subgroup means
White 11.711 42 1.327 1.147
Fema'les 7.690 42 1.213 1.097
Ma les 7.552 42 1.173 1.081
Father high school graduate 6.399 42 1.156 1.074
Father less than high school 4.651 42 1.117 1.056
Father college graduate 2.440 42 1.119 1.057
Black 1.888 42 1.219 1.100
Other races 1.465 42 1.182 1.085

All domain means 5.475 168 1.233 1.107

Differences of domain and
national means 5.475 168 1.143 1.067

All statistics 6.056 357 1.204 1.094

1 Assumes n2 =17.
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The root design effects computed using
variance component estimates (table 1) are
10 to 15I percent higher than comparable
ones tabulated by William B. Fetters [31
using the conventional between-PSU-within-
stratum -variance summed over strata. This
is not surprising recalling that the variance
component estimates are thought to. be
overestimates [1] and realizing that equa-
tion 3 may be-rewritten as

2n2 g1

where

a2 + r2
00 + 1

1Cw (7)
IU2 + U2 + r2
0 2

and

a2 +U2 +a2'0 + 1 + 2

22
+

a2+ ,2' 22

From the above, we see that if a,21 and/
2 2were overestimated to a greater exte

than the remaining components, then
would be overestimated.

B. Effects of Stratification and Clusterin
We can also use the variance compone

estimates to approximate the effect of clu.
tering the sample of students by schoo~l ai
the effect of stratifying schools. The effec
on the Variances of survey estimates are
interest in -studying the efficiency of t
sample design. Recalling equation 3, D
5112/132, the estimated design effect m

be rewritten as

8rs 1w
0

0 +1 . 2

(8)

The first term of equations 5 and 6 repre-
4) sents the effect of clustering the sample of
()students by school attended, where 6 c/w is

the intraschool cluster correlation for an
unstratified selection of schools and stu-
dents given the unequal weighting of the

for NLS base year sample design. The last
,nt term in equations 5 and 6 represents the
D reduction in the variances of survey esti-

:mates obtained from school stratification,
where Srs/w is the intrastratumn cluster cor-

ng relation for a random selection of students
g from an unstratified frame.

Dnt
is- If we introduce 1292, the variance of a
ind survey estimate for an unstratified cluster
cts sample,

'he

tay U02 +02 o2
+ 2 ' (9)

nj n2

D = 1 ~+ (n2 - 1) 35c/w - n2 8 rs/w (5)

or

= rw - n2 8rs/w (6)

then we can write

2
0 r - = 1 n - 1 6Z 
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as before. Using equati
write the effect of strat
multiplicative model as

S = cw

2

Cr%

N~ow we can write

D0= -

2 2

. 1;2 ~Z2
3 2

and the design effect he
into:Crw, the effect of cl
the effect of stratificatioi

Table 2 shows the avE
sign factors calculated fi
design- using the varian'
mates described earlier.
shown were derived fror
and 0 values.) Clusteri

ion 9, we can also students increased variances of national es-
tif ication, S in ~a timates by. an estimated 83.5 percent over

simple random sampling. Stratifying the
clusters using the NLS school stratification
scheme reduced the variances of national
estimates. by. an estimated 20.3. percent. or
100(1 -, Scw)P on the average, below what
they would have been with unstratified
cluster sampling. Both effects are reduced
for subgroups and there appears to be a
tendency for both effects to approach 1.0 as
the subpopulation size gets small. In gen-

12 rswer.al, the increase in variance due to cluster
8 rs/w . (10) sampling is only partly offset by the reduc-

tion due to stratification. Table 3 shows
average values of the ratios of variance
components 8 /wand 5S/ used; in the-
modeling. rl i

Having estimated the reduction in vari-
ance from the stratification variables used
in the NILS design, one also would like to

Crw icw (1 compare the effectiveness of the individual
stratification variables. Knowledge of which
variables were most effective in reducing
the variance o f survey estimates would be
useful in designing future NLS samples and

as been partitioned also in the design of similar samples. The
lustering,, and Scwl results, of comparing the individual stratifi-
)n. cation variables are shown in section III of
erage values of de-: this report.
:or the- NILS sample Design effects (and variances of esti-.
ice component e'sti- mates) are also affected by the unequal

(The Sc values weighting of the individual elements of the
rn the average Crw sample. The effect of unequal weighting is
-ing the sample of discussed in the next section.

6



Table 2.-Average effects of clustering and stratification for the NLS design1

Statistic Crw n2.6 rsl/w DSu

National means 1.835 0.372 1.463 .797

Subgroup means
White 1.655 .328 1.327 .802
Females 1.364 .111.213 .889
Males 1.356 .1 83 1.173 .865
Father high school graduate 1.302 .146 1.156 .888
Father less than high school 1.274 .157 1.117 .877
Father college graduate 1.188 .069 1.119 .942
Black 1.458 .289 1.219 .836
Other races 1.311 .129 1.182 .902

All domain means 1.430 .197 1.233 .862

Differences of domain and
national means 1.296 .153 1.142 .882

All statistics 1. 391 .187 1.204 .857

1 Assumes n2 = 17.
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Table 3.-Average ratios of variance component estimates

Number
Domain rsiw Ciw of

statistics

National means 0.022 0.052 21

Subgroup means
White .019 ..041 .42
Females .009 ..023 42
Males .011 ..022 42
Father high school graduate .009 .019 42
Father less than high school .009 .017 42
Father college graduate .0.0242
Black .014 .029 42
Other, races .008 .019 42

All domain means .012 .027 168

Differences of domain and
national means .009, .019 168

All statistics .011 .024 357

8



C. Effect of Unequal Weighting
The variances of survey estimate,

creased when the sample elemen

dents) have unequal weights.
weights arise from oversampling

* subpopulations, from using imprec
measures to select sample schoc
from nonresponse adjustments. T
mated design effects presented in
vious section include'the effect of
weighting, as do the estimated ef
stratification, anid/or clustering. Th,
the previous section the design eff
partitioned into.

D rw Sc

whereas it would be possible toI
the design effect into

D =WSC.

Folsom. [4] discusses the methodoloC
could be used to estimate the effec
equal weighting and other finer p
ings of the design effect (see equatii
reference 4). Unfortunately, comple
analysis described by Folsom was
the scope of the project as it wou
requi-red the development of, seve
computer programs, estimnation of
tional set of variance components,
ditional analysis time.

In order to obtain some informatic
the effects of unequal Weighting in
design, a more. limited and appi
analysis was conducted. The anal
volved estimating the approximate 
unequal weighting on the variances
vey estimates. A portion of the
weighting is due to oversamplinga
the population and the effect of th
sampling is estimated, The remai
the unequal weighting, aside froi
.sampling, is caused by nonrespons~
ments, unequal stratum, sizes, anc
cise school size measures. Estimate
combined effect of these factors w
co mputed. The reader should be c,

~s are in-
rits (stu-
Unequal 
Icertain

Mlea Rn~p

that the analyses, presented here are ba sed
on oversimplifications and far-reaching as-
sumptions and the results should be re-
gar~ded as rough indications of the effects
rather than precise estimates.

SIQ1 QIe

ols , and 1. Extent of Oversampling
*he esti- The school sampling frame for the 1972
the pre- NLS was divided into two socioeconomic
unequal (SES) strata. The low 'SES stratum (type A

ffects of schools) was formed by grouping schools
iat is, in with high percentages of minority students
'fect was and/or schools located in low income areas.

The high SES stratum (type B schools) con-
sisted of all other. schools in the sampling
frame. Students from the low SES stratum
'were sampled at approximately twice the
sampling rate used in the high SES stratum

partition in order to increase the number of sample
students who belonged to critical subpopu-
lations-the minorities, the poor, and the
poorly educated. (Additional details are
given in the Westat report [5] on the,

gy which sample design.)
Ct of un.- Data needed: to complete this- -arna-y-sis-T n-
partition- cluded sample. counts and estimated sub-
ion 62 in population sizes for the low SES and high
ating the SES strata separately. These data are

beyond shown in tables .4 and 5 for subpopulations
uld. have defined by sex, race, and father's. educa-
Bral n ew tion.. Also shown, for general interest, are
an addi- "adjusted" 'estimates where the "not re-
and ad- ported" estimates and sample sizes were

proportionally added to the remaining cate-
on about gories for each subpopulation-defining vari-
the. NLS able. The estimated totals for the low and
~roximate high SES strata are close to the estimated
Llysis in- numbers of seniors (983,240 and 2,.064,647)
effect of used in designing the sample [5,consider-
s of sur- ing that the latter were estimates based on
unequal enrollments in earlier school years and that

a part of some of the schools: in the sampling frame
his, over- had closed by the time the survey was con-
tinder of ducted.
)m over- The "not reported" categories 'for 'fa-
6'adjust- ther's educati on include both students who
dimpre- answered the question as. "not applicable"

as of the and those who left the question blank. The
vere also estimated subpopulation size estimates in-
cautioned dicate, as might be expected, that students

9 z



Table 4.-Estimated subpopulation sizes for low and high SES adjusted for missing subpopulatlon
classifier variables

Low SES High SES Total
Subpopulation (type A) (tv~e B) __________

Number Percent Number Percent Number Percent

Sex:

Male
Female
Not reported

426,902
438,887
72,509

45.5 927,144
46.8 921,729
7.7 166,257

46.0 1,,354,046
46.7 1,360,616
8.3 238,767

Race:

White
Black
Other
Not reported

537,321
197,227
118,1103

85,648

57.3
21.0
12.6

9.1

1,655,621
55,398
115,763
188 ,348

82.2 2,192,942
2.7 252,6Ž4
5.7 233,866
9.3 273,997

Father's education:

Less than high
school graduate

High school graduate
College graudate
Not reported

Total

281 ,679
212,265
197,064
247,291

938,299

30.0
22.6
21.0
26.4

426,640
529,020
705,395
254,074

100.0 2,015,130

21.2 708,319 24.0
26.3 741,286 25.1
35.0 902,459 30.6
17.6 601,365 20.4

100.0 2,953,429 100.0

Adjusted estimates:1

Sex:

Male
Female

Race:

White
Black
Other

Father's education:

Less than high
school graduate

High school graduate
College graduate

Total

462,655
475,543

591,294
217,038
129,966

382,483
288,228
267,587

49.3 1,010,516
50.7 1,004,614

63.0 1,826,322
23.1 61,110
13.9 127,699

40.7
30.7
28.5

517,584
641,787
855,759

938,299 100.0 2,015,130

50.1
49.9

90.6
3.0
6.3

25.7
31.8

1,473,171
1,480,257

2,417,616
278,148
257,665

900,067
930,015

1,123,346

100.0 2,953,429

1 Adjusted estimates computed by proportionately allocating "not reported" estimate to other categories.

10

45.8
46.1
8.1

74.3
8.6
7.9
9.3

49.9
50.1

81.9
9.4
8.7

30.5
31.5
38.0

100.0



Table 5.-Subpopulation sample sizes for low and high SES adjusted. for missing subpopulation
classifier variables

LOW SES High SES Total
Subpopulatlon (type A)(type B)___________

Number Pe-rcent Number Percent Number Pe-rcent

Unadjusted counts:

sex:

Male 3,786 45.2 *4,289 4598,075. 45.6
Female 3,946 47.1 4,256 45.5 8,202 *46.3
Not 'reported .. 640 7.6 .809 . 8.6 1,449 8.2

Race:

White 4,775 57.0 7,652. 81.8 12,427 70.1
Black 1,807 21.6 252 . 2.7 2,0O59 .11.6
Other 1,036 12.4 542 5.8 1,i578 8.9
Not reported 754 9.01 908 9.7 1,662 9.4

Father's education:

Less than high
school graduate 2,492 29.8 1,953 20.9 4,445 . 25.1

High school graduate 1,883 22.5 2,420. 25.9 4,303 24.3
College graduate 1,770 21.1 3,306 35.3 5,076 28.6
Not reported 2,227 26.6 1,675 17.9 3,902 22.0

Total :8,372 100.0 9,354 100.0 17,726 100.0

Adjusted estimates:1

Sex:

'Male 4,099 49.0 .4,696 . 50.2 8,795 49.6
Female 4,273 51.0 .4,659 49.8 8,932 . 50.4

Race:

White 5,248 62.7 8,475 . 90.6 13,723 77.4
Black 1,986 23.7 279 3.0 2,265 12.8
Other .1,139 13.6 600 6.4 1,739 9.8

Father's education:

Less than high
school graduate 3,395 40.6 2,379 25.4 . 5,774 32.6

High school graduate * 2,565 30.6 2,948 31.5 5,513 31.1
College graduate 2,411 28.8 4,027 43.1 6,438 36.3

Total .8,372 100.0 9,354 100.0 17,726 100.0

'Adjusted estimates computed by propoIrtionally allocating. "not reported" sample size to other categories.
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of minority races and students with poorly
educated fathers make up larger percent-
ages of the low SES stratum than they do of
the high, SES stratum.

In table 5, it may be noted that the over-
all participation rate was 77.5 percent in the
low SES stratum and 86.6 percent in the
high SES since the~ target sample size was
10,800 students in each. The percentages of
sample students who were black, other
races, with poorly educated fathers, and
with father's education unknown. would
have been higher if both SES groups had
participated at the same rate.

The amount of oversampling achieved for
various subpopulations in the 1,972 NLS
base-year survey has been estimated by
Fetters [6]. What is perhaps less well-
known is the amount of oversampling that
should have been expected, given the

sample design and the distribution of the
target populations within the oversampled
and undersampled portions of the universe.
Prior to using the data from tables 4 and 5
to estimate this, we will introduce the fol-
lowing notation which is essentially that
used in the recent article by Waksberg [7].

Let N1 and N2 be the total populations of
stratum 1 and stratum 2, respectively,
where N2 = v N1 and vŽ-1.

Let, tj and t2 be the pr oportions of
stratum 1 and stratum 2 belonging to a
specifiled subgroup.

Let r1 and r2 be the sampling rates used
in. stratum 1 and stratum 2, respectively,
where r1 = k r2 and KŽ,1.

Now we can write the expected increase
in subpopulation sample sizes, due to over-
sampling, as the ratio

r1 t1 N1 + r2 t2 N2

r (t1 N1 + t2 N2)
t1 N1

r t1 N 1 + t2 N2

t2 N2

r t1 N 1+ t2 N2

where r = the uniform sa mpling rate for a
proportional allocation which will give the
same expected sample size; that is, r(Nj +
N2) = rl N1 + r2 N2 . The numerator of
equation 12 is -the subpopulation sample
size expected with oversampling and~ the
denominator is the subpopulation sample
size expected with no oversampling. The
estimates in table 4 were used to calculate
the first two columns of table'6, which are
estimated values of

The sampling rates for the 1972 NLS were
calculated-from data in the Westat report
[51 as

r= -10,800/983,240 = ..010984,

r2= 10,800/2,064,647 =

r = 21,600/3,047,887 =

.005231 , and

.007087.

Thus

t 1 N.1
t1 N1 + t2 N 2'

and
r

t2 N2

t1 N1 + t2 N2

- = 1.550 .
r

.738 , and

k = -r- = 2.1 00 

12
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Using these figures in equation 12, the ex-
pected increase in sample sizes for various
subpopulations were computed and are
shown in the third column of table 6. For
comparison, the actual oversam pling
achieved in the Survey, calculated as the
percent of sample cases belong to the sub-
population (table 5) divided by the esti-
mated percent of the population (table 4)
belonging to the subpopulation, is shown in

the last column of table 6. The actual over-
sampling achieved agrees quite closely with
that which would be expected, given the
design. Note that to obtain much inc reasie in
the subpopulation sample size from over-
sampling, there must be a large proportion
of the population in the stratum which is
sam pled at the higher-than-proportional
rate.

Table 6.-Expected and actual effect of oversampling on subpopti.lation sample sizes, 1972
NLS base-year survey

Estimated proportion of Effect of oversampling
Subpopulation subpopulation members in on sample sizes

Low SES High SES Expected Actual
stratum stratum

Sex:
Male - 0.315 0.685 0.99 1.00
Female .323 .677 1.00 1.00
Not reported .304 .696 .98 1.01

Race:
White .245 .755 .94 .94
Black .71.219 1.37 1.35
Other :sos .495 1.15 1.13
Not reported .313 .687 .99 1.01

Father's education:
Less than high school graduate .398 .602 1.06 1.05
High school graduat e .286 .714 .97 .97
College graduate .218 .782 .92 .93
Not reported .411 .589 1.07 1.08
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2. Effect of Oversampling
Waksberg [7] gives a convenient 'forML

for computing the approximate increase
decrease. in variances of subpopulati
means as

a2
B.

a 2A.

(k. + v) (u._ + kv) (
k (1 + v) (u _+ v)

timated effect of oversampling for each
ula subpopulation. Th e variances were in-
or creased by oversampling in the NILS design

ion for most subpopulations and a moderate re-
.duction was obtained only for -blacks. Vari-
ances of estimates for the total population
of students were increased by 13 'percent.

1) Proportional sampling is -optimal for total
population estimates. The increase in vari-
ance of estimates for the total population
may also be written as

where

= the variance of an
subpopulation mean
sampli~ng.

estimated
with over- (k +.l (_)( 2 for k >.1.(14)

aA = the variance of an estimated
subpopulation. mean 'with pro-
portional sampling.

k rN

= N2 /N 1,, and

u t= t '

(All of the above symbol s except '1B 2 , Yp2

were defined in the previous section.)
Equpation .13 assumes simple random sam-
pling of subpopulation members within
each of the two strata, a common variance
within strata, and a very small sampling
rate within strata. The first of these
assumptions is considerably 'different from
the NILS design, which points out again that
using equation 13 permits only rough ap-
proximations to the effect of oversampling
on the variances of survey estimates.

The approximate effect of oversampling
on the variances of survey estimates was
calculated using equation 13 with k 
2.100, v= 2.148, and. the values of u for
each subpopulation obtained from the tj, t2
estimates in table 4. Table 7 shows the es-

Waksberg also. shows that, with the as-
sumptions stated earlier, the-optimum rate

Iof. oversampling for estimated. subpopula-
tion means is .

opt k = f (15)

Table 7 shows the approximate optimum k
for each. subpopulation. The NILS design,
with k = 2.100, employed more than the
optimum oversampling rate for all subpop-
ulations shown here except blacks, where a
higher degree of oversampling'would have
been optimal. For a number of subpopula-
tions with u < 1, proportional sampling
was indicated.

The effect of oversampling on the vari-
ances, as estimated here, is only a part of
the effect of unequal weighting. The as-
sumption of simple random sampling within
the two strata implies equal weighting
within strata, whereas the NILS sample had
unequal weights. The increase in variance
due to unequal weighting from factors other
than oversampling is discussed. in the next
section.
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Table 7.-Estimated effect of oversampling on the variances of survey
optimum oversampling rates for subpopulations

estimates and

Subpopulation U =. aB2/aA2 Opiu
t2

Sex:
Male 0.989 1.13 0.99
Female 1.024 .1.12 1.01
Not reported .928 1.14 .96

Race:
White .697 1.18 .83'
B lack 7.778 .80 2.79
Other 2.211 .99 1.49
Not reported .978 1.13 .99

Father's education:
Less than high school graduate 1.415 .1.07 1.19
High school graduate .859 1.15 .93
College graduate .600 1.20 .77
Not reported 1.500 1.06 1.22

Total 1.000 1.13 .1.00

3. Effect of Unequal Weighting within
.the Low SES and -High SES Strata,

-The effect of unequal weighting within
the low SES and high SES strata can be

= 300 nh

h=1 i=1

nhl

j=1
Whij. Xhij

approximated by considering the estimated
total, X', written as

600 nh nhl

h =301 -i=1' j=1
Whil. Xhij' (1 6) 

an~d its variance

nhlW 2 2
- Whij 'h-i 1.

600
+ I 

h = 301

nh Phi
E

i =-1
z

j=1

2 2
Whij 0yh ' (17)

15.

Var(X')
300

= =1 Y
nh 

i=1



where

Whij = weight for student-hij,

Xhij = value of variable-X for
.. hij,

nh = number of sample sc
stratum-h, and

Vare(X' ) =

nhl = number of sample students in
in school-i of str'atum-h.

.student- If the weights within the low SES stratum
(strata 1-300) were all equal to Wand if
those within the high SES stratum all

chools in equalled W2 , then we could rewrite equa-
tion 17 as

300 nh nhi

h=1 2: 2 (W- )2 C~2h1.i =1 j=1 'O
+

600
2:

h =_ 301

nh

i=1

nhi
.2:

J= 1
(W 2 )2 Gh 2 .(1-8)

approximate the increase in
to unequal weighting within
low SES strata as

n,
600 ;n

=~~~~

h=-_301 [=1

ah2 = cr for all h.

Var (XI)-
Vare (X) -

2:
1h

n, (W

where

ni
300

- 2
h =1

ii
)2 +

nh

2:
i=1

2
Wh ij

n 2 (W- 2 )2

nhi I

(1 9) Table 8 shows the average weight values,
the sum of the squared weights, and the
approximate increase in variance estimated
using equation 19. The estimated increase
is fairly sizable for all subpopulations and
for the total population. This portion of the
unequal weighting arises from unequal final
stratum sizes, imprecise size measures, and
from weight adjustments to correct for non-
response. The results in this section should
be regarded as rough approximations since
assumptions of equal variances within strata
and fixed subpopulation sizes are required.

16

Now we
variance
the high

can
due
and

nhi ,and



Table 8.-Estimated effect of unequal weighting within low
variances of survey estimates,

and high SES strata on

Average weight Sum of squares Estimated
of weights effect of

Subpopulation Low SES High SES (W) unequal
(Wi) (W2) TWi weighting

sex:
Male 112.76 216.17 287,468,845 1.16
Female 111.22 216.57 284,457,979 1.15
Not reported 113.30 205.51 51,472,065 1.21

Race:
White 112.53 216.36 479,929,309 1.15
B lack 10.5219.83 40,290.221 1.20
Other 114.00 213.58 44,009.940 1.15
Not reported 113. 59 207.43 59,169,419 1.21

Father's education:
Less than high school graduate 113.03, 21.8.45 143,103,131 1.14
High school graduate 112.73 218.60 160,955,721 1.15
College graduate 111.34 213.37 198,398,92 1.15
Not reported 111.104 211.39 120,941,105 1.18

Total sample 112.08 215.43 623,398,888 1.16'
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III. COMPARING THE STRATIFICATION VARIABLES

The variance modeling described in sec-
tion ll.B. of this report suggests that .the
NILS school stratification variables reduced
the variances of national estimates by ap-
proximately. 20 percent compared with sam-
pling clusters of students selected from an
unstratified school frame. Variances of sub-
population estimates were reduced by less-
er am ounts, from 6 to 20 percent, depend-
ing on the subpopiilation. In this section,
analyses aimed at determining which strati-
~fication variables accounted for most of the
reduction in variance are described.

The analysis involved calculating several
sets of variance component estimates for a
linear variance model which includes terms
for the five major stratifi cation variables.
By extending the linear model given in sec-
tion IV of reference [1], variance com-
ponents correspon ding to the following
stratification variables were estimated-SES
(socioeconomic status), size of school, type
of control (public, Catholic, non-Catholic
private), geographic region, and proximity
to college or university. When the sampling
frame was stratified, crossing of the first
four of these variables divided the popula-
tion of schools into 35 strata. Then the fifth
stratification variable, proximity, was used
to subdivide certain of the 35 strata; this
resulted in 64 strata based upon these five
variables. Next, a total of 289 major strata
were defined by constructing nested sub-
strata within the 64 strata mentioned above
based on percent minority (public schools)
and average income level (public and Cath-
olic schools). Final strata were defined as
nested substrata within major strata, based
on degree of urbanization. For the purposes
of this analysis, only the five major stratifi-
cation variables described above were
studied.

A difficulty was encountered which re-
lates to the order in which the stratification
variables are placed in the model. Since the
five major stratification variables may be
regarded as crossed, the model could be
specified using any one of 5! = 120 models
corresponding to the 120 possible arrange-
ments of the five variables. Also, the earlier
in the model a variable is placed, the more
negative estimates (set equal to zero) will
be calculated since the components are es-
timated from right to left in the model
(component for the last term of the model is
estimated first). With eight components to
be estimated (five stratification effects plus
final stratum, school, and student com-
ponents), the number of negative estimates
obtained was expected to be sizable. Thus,
it was not clear how to proceed and com-
puting a set of components for each of the
120 models was not considered feasible.

As a first step toward gaining some feel
for the relative utility of the five stratifica-
tion variables, five models were specified
and five variance components runs were
completed. The models were chosen so that
each of the five variables was first in one
model and fifth in another model. A subset
of 10 of the 21 variables used in the previ-
ous variance components study [1] was cho-
sen for this part of the analysis. Also, only
four subpopulation estimates were included
(males, females, whites, and blacks). Thus
90 statistics were included in each of the 5
variance components runs, 10 national esti-
mates, 40 domain estimates, and 40 dif-
ferences of domain and national estimates.
The analysis consisted of comparing the
number of negative variance component es-
timates for the five stratification variables
when the variable was first in the model
and also fifth in the model. If the effect of
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one. of the stratification variables was zero,
then we should observe about 50 percent of
the estimates for that variance component
to be negative. Table 9 'shows the number
of negative estimates obtained for each of
the five variables by type of statistic. When
one of the variables is written fifth in the
model, estimates of the component are least
biased by the large number of terms in the
model. Looking at the lower part Of table 9,
we note that all five of the stratification
variables have positive effects. (Using a
simple sign test based on the numbers of
positive and negative estimates, the. hypo-
thesis of zero ef~fect would be rejected for
each variable for national means, domain
means , differences of domain and national
means, and all statistics.) Looking at the
upper half of table 9, we see the effects of
position in the' model ron the numbers of
negative variance component estimates..
Using this data,' we would reject the hypo-
thesis of effect equal to zero only for control

and region, based on a sign test. But since
we know the number of negative estimates
will be biased upward due to the large
number of terms estimated, we cannot con-
clude anything from this type of test. We
must also keep in mind that- we have used
only five of the 120 possible arrangements.
of the model and that the results here may
depend on the model 'used.

About all we can conclude from table 9 is.
that region appears perhaps the strongest 
stratification variable, that control is per-
haps the weakest, and that the other three
va riables are somewhere in between. There
were also indications t hat the numbers of
negative component estimates for several of
the variables were sensitive to the position
in the model of the control .variable. This
was thought to arise from the extreme l arge
differences in the population and sample
sizes for the three level s of control-stu-
dents enrolled in public,. Catholic,. and
non-Catholic private schools.

Table 9.-Number of negative variance component estimates for stratification terms in first and fifth
positions in model

Difference of'
domain and All

Variable and National means Domain means national means statistics
position Negative Negative Negative Negative

in model estimates Total estimates Total estimates Total .estimates Total

First position:

SES 2 10 17. 40 . 25 40 44 90
Size 1 . 10 13 40, 25 40 39 90
Control . 5 10 29 40 34 40 68 90
Region 0 10 5 40 13 40 18 90
Proximity 2 10 17 40 24 40 43 90

Fifth position:

SES. 0 10 2 40. 1 40 3 90
Size 1 10 5 40 8 40 14 90
Control 0 10 9 40 12 40 . 21 90
Region 0 10 0 40 4 40 4 . 90
Proximity A10 4 40 3 40 8 90
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For the aforementioned reasons, it was table 10. A sign test would result in rejec-
decided to eliminate control from the model tion of the hypothesis of a zero effect for
and enter region in the model at first posi- each variable in each position. Thus, we
tion. Then to evaluate the relative impor- can conclude that each of these variables
tance of the remaining three variables, the was effective in reducing the variances of
three were permuted in all 3! = 6 possible estimates. If we use the number of negative
orders and six additional variance com- variance component estimates as a criterion
ponent runs were made using the same 10 describing the magnitude of the effects,
variables and the same four domains as then we might conclude that the five strati-
used in the previous runs. The orderings of fication variables might be ranked from
the stratification variables for the six vani- most useful to least useful as region, SES,
ance component runs were: proximity, size, and control. Thus, while we

ReIo-E-zeromi, have not been able to precisely estimate
Region-SES-Proize oity-ize, how much of the stratification effect to at-
Region-Sz-SES-Proximity-Sz, tribute to each of the variables, we have
Region-Size-Proximoity-SE, some rough indications of the relative in-
Region-SieProximity-SES-Sz, adportance of the five major stratification var-
Region-Proximity-SiES-SieS.an iables. We alIso have-an indication that con-

trol may not have been a very useful strati-
The number of negative component esti- fication variable, but that region, SES, size,
mates was observed for each of the three and proximity were all useful stratification
stratification variables in positions two, variables.
three, and four. These counts are shown in

Table 10.-Number of negative variance component estimates for terms in second, third, and fourth
positions in model

Difference of
domain and All

Variable and National means Domain means national means statistics
position NeaieNegative Negative Negative
in model estimates Total estimates Total estimates Total estimates Total

Second position:

SES 0 20 14 80 25 80 39 180
Size 2 20 15 80 28 80 45 180
Proximity 0 20 19 80 28 80 .47 180

Third position:

SES 0 20 6 80 7 80 13 180
Size 0 20 6 80 17 80 23. 180
Proximity 0 20 6 80 12 80 18 180

Fourth position: 

SES 0 20 3 80 2 80 5 180
Size 0 20 6 80 10 80 16 180
Proximity 2 20 6 80 4 80 12 180
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